Abstract. We report on the occurrence of peculiar Ba-and Ti-enriched dark mica in metasedimentary rocks that underwent high-pressure metamorphism in the diamond stability field followed by decompression to granulite facies conditions. The mica occurs as well-developed preserved laths in a quartzofeldspathic matrix. The mean concentrations of BaO and TiO2 in the mica are 11.54 and 7.80wt%, respectively. The maximum amounts of these components are 13.38wt% BaO and 8.45wt% TiO2. The mean crystallochemical formula can be expressed as (K0.54Ba0.39Na0.02Ca0.01)Σ0.96(Fe1.37Mg0.85Ti0.50Al0.29Mn0.01Cr0.01)Σ3.03(Si2.59Al1.41)Σ4.00O10(OH1.30O0.66F0.02S0.01)Σ1.99, with oxyannite, oxy-ferrokinoshitalite and siderophyllite as dominating end-members. Based on the petrographical observations, it is proposed that the dark mica was formed at a rather late stage in the evolution of the parental rock, i.e. under granulite facies conditions.
Introduction
Barium-rich micas are known from magmatic rocks (e.g. Bigi et al. 1993; Edgar 1992; Gaspar, Wyllie 1982; Kogarko et al. 2005; Mansker et al. 1979; Thompson 1977; Wendlandt 1977; Zhang et al. 1993) , metamorphosed ore deposits (Chabu, Baulège 1992; Dasgupta et al. 1989; Frimmel et al. 1995; Frondel, Ito 1967; Gnos, Armbruster 2000; Holstam, Larsson 2000; Matsubara et al. 1976; Yoshii et al. 1973a , Tracy 1991 and metamorphic rocks (e.g. Bol et al. 1989; Bucher-Nurminen 1982; Glassley 1975; Harlow 1995; Kretz 1980; Pattiaratchi et al. 1967; Rice 1977; Solie, Su 1987; Tracy, Beard 2003) . The latter are mainly represented by low-to moderate-pressure granulite facies rocks or metasomatites.
There are few known brittle micas with Ba substituting for K. Probably the most wellknown, and likely the most common, is kinoshitalite, first reported by Yoshii et al. (1973) from the Noda-Tamagawa mine, where metamorphosed sedimentary chert-hosted Mn ores occur. Kinoshitalite was also later found in, e.g. granulite-facies Mn ore from Oman (Gnos, Armbruster 2000) . Guggenheim and Frimmel (1999) reported ferrokinoshitalite, the Fe 2+ analogue, in material from the massive Pb-Zn-Cu-Ag sulfide orebody of the Broken Hill mine, South Africa. Oxykinoshitalite, which may be deemed the Ti-rich and O-analogue of kinoshitalite, was described by Kogarko et al. (2005) from the volcanic Fernando de Oronha island, Brazil. Anandite, the unique sulphide-bearing Ba-Fe mica, was discovered in the Wilagedera prospect, Sri Lanka, where it forms veinlets and lenses within magnetite ore (Pattiaratchi 1967) . Ganterite, the Ba analogue of muscovite, was reported by Graeser et al. (2003) from metamorphic rocks in the Berisal Complex in Switzerland and named after the Ganter valley of the Simplon area. The mica highly enriched in Ba that we report on here occurs in ultra-high pressure (UHP) metasediments intercalated with diamond-bearing paragneisses.
Geological setting, sample location and description
The Seve Nappe Complex of the Scandinavian Caledonides forms a part of the Middle Allochthon that once formed a continent-ocean transition zone of the Baltican extended margin (e.g. Gee et al. 2013) . These rocks experienced deep subduction, locally reaching UHP conditions (e.g. Brueckner et al. 2004; Gilio et al. 2015; Janák et al. 2013; Klonowska et al. 2014 Klonowska et al. , 2016 due to the Iapetus Ocean closure (e.g. Gee et al. 2013 ). This deep burial of the Baltican margin resulted in the formation of eclogites and garnet peridotites as well as diamond-bearing gneisses (Klonowska et al. 2015; Majka et al. 2014) . Such diamondbearing gneisses occur at Tväråklumparna in the Snasahögarna Mts of Jämtland in Sweden. The sample discussed in this study was collected there (63.20435, 12.35096) . The gneisses constitute a monotonous sequence of metapelitic-metapsammitic lithologies intercalated with less common calc-silicate rocks and marbles.
The rock investigated is a garnet-bearing calcic gneiss collected from the same locality as the diamond-bearing gneiss described by Majka et al. (2014) . It contains garnet, clinopyroxene, phengitic muscovite, K-feldspar, plagioclase, dark mica, quartz, kyanite and sillimanite as main phases. Calcite, zircon, rutile, titanite, graphite, pyrite and manganoan ilmenite occur in accessory amounts. Porphyroblasts of garnet and clinopyroxene are embedded in a strongly foliated quartz and feldspar matrix with quartz bands separating porphyroblastic segments. Late amphibole and chlorite surround clinopyroxene. Kyanite forms rare lenses overgrown by later sillimanite that is, in turn, surrounded by fibrolite. Muscovite decomposes to quartzofeldspathic symplectites that are interpreted as effects of partial melting. The dark mica forms relatively fresh, well-developed euhedral to subhedral laths, typically ca. 200 μm long (Fig. 1) , which are oriented parallel to subparallel to the main foliation. Modal proportions of the mica are < 0.5%. In rare cases, it is partly replaced or overgrown by K-feldspar and occasionally by amphibole. Dark mica laths are commonly observed along straight feldspar grain boundaries associated with ilmenite and muscovite breakdown textures where muscovite is replaced by plagioclase. Some dark micas are enclosed in plagioclase. Together, the associated phases form triple junctions with sharp grain contacts. Based on the petrography, it is evident that the rock underwent high pressure metamorphism followed by decompression to granulite facies conditions associated with partial melting. This was followed by further decompression and cooling under amphibolite facies conditions. Textural relations together with minor amounts of BaO in muscovite (ca. 0.5wt%) indicate that the Ba-rich dark mica grew cogenetically with ilmenite and feldspar at the expense of phengitic muscovite. 
Methods
Mineral chemistry was determined using a Jeol JXA8530F Hyperprobe Field Emission Electron Probe Microanalyser (FE-EPMA) at the Centre for Experimental Mineralogy, Petrology and Geochemistry (CEMPEG), Uppsala University, Sweden. Operating conditions during the analyses were as follows: 10 nA beam current with 15 kV accelerating voltage and counting times of 10 s on peaks and 5 s on ±background positions. Mineral standards: Ca -wollastonite, Si -wollastonite, Na -albite, K -orthoclase, Mn and Ti -pyrophanite, Fe -fayalite, Mg -MgO, Ba -barite, S -sphalerite, F -griceite, AlAl 2 O 3 and Cr -Cr 2 O 3 were used for calibration. Kα spectral lines were measured for all elements except for Ba which was measured using the Lα line. Beam size was defocused to 10-15 μm to decrease the damage. Raw counts were corrected using the PAP routine.
Results
The results of the microprobe analyses of the mica, together with calculated end members, are given in Σ1.99 . All iron was considered to be dioctahedral. The formula was calculated based on the observations listed below.
(1) Negative Ba-K correlation is high (Fig. 2a) (Bol et al. 1989 ). In the light of these observations, Mg was allocated, between the M2 and M1 sites; (5) The negative correlation of Fe and Mg (Fig. 2f) has a high r 2 of 0.93; (6) If IV Al and Si are plotted against Ti (Fig. 3) , the relatively scattered r 2 values (< 0. 
Final remarks
The mica described is clearly enriched in Ba and Ti. The fact that both constituents correlate positively may point to a common source for both. Taking account of the character of the protolith of the parental rock, it can be speculated that this rock could have acted as a source for these elements. Such Ba-and Ti-enriched micas occurring in metamorphic rocks have been described from a very few places worldwide. For example, kinoshitalite is known from relatively high temperature (> 600 o C), but not high pressure, metasediments in the Alaska Range (Solie, Su 1987) . Marbles and skarns in Virginia are also a source of Mn-rich kinoshitalite (Tracy, Beard 2003) . Frimmel et al. (1995) reported the Fe-analogue of kinoshitalite among other Ba-bearing micas from upper amphibolite to granulite facies rocks in the Namaqualand Complex, South Africa, where mica-bearing banded-iron-formation rocks coexists with sulphide ore bodies. Kinoshitalite has also been described from granulite facies manganese ores in Oman (Gnos, Armbruster 2000) . Bol et al. (1989) reported Ba-and Ti-rich phlogopite from Rogaland marbles that formed under extremely dry granulite-facies conditions. Importantly, the mica studied here is somewhat similar to that described by Bol et al. (1989) ; it also occurs in carbonate-bearing rocks.
The calcic gneiss in the Tväråklumparna locality is, to our knowledge, the first known UHP metasediment carrying such a Ba-enriched dark mica. However, it is not certain whether the studied mica was stable at the peak pressure conditions or not. The rocks of the Seve Nappe Complex underwent an extensive high-to moderate-pressure granulite-facies overprinting during exhumation from the UHP setting (e.g. Klonowska et al. 2014 ). This process was associated with phengitic-mica decompression melting. This white mica was the most probable source of Ba for the newly-formed dark mica. The fact that the mica is well preserved and typically occurs as undeformed euhedral to subhedral laths may indeed reflect relatively late growth, probably under granulite facies conditions postdating the peak pressure metamorphic stage.
